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Systematics of Global Observables in Cu+Cu and
Au+Au Collisions at RHIC Energies
Rachid NOUICER for the PHOBOS Collaboration1
Chemistry Department, Brookhaven National Laboratory, Upton, NY 11973-5000, USA
Abstract. Charged particles produced in Cu+Cu collisions at √sNN = 200 and 62.4 GeV have been
measured in the PHOBOS experiment at RHIC. The comparison of the results for Cu+Cu and Au+Au
for the most central collisions at the same energy reveals that the particle density per nucleon participant
pair and the extended longitudinal scaling behavior are similar in both systems. This implies that for the
most central events in symmetric nucleus-nucleus collisions the particle density per nucleon participant
pair does not depend on the size of the two colliding nuclei but only on the collision energy. Also the
extended longitudinal scaling seems independent of the colliding energy and species for central collisions.
In addition, there is an overall factorization of dNch/dη shapes as a function of collision centrality between
Au+Au and Cu+Cu collisions at the same energy.
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INTRODUCTION
In relativistic heavy ion physics, it is well established that the global observables and their
spatial distributions are indicators for the global reaction dynamics and kinematics. They
are very useful tools for event characterization. But one can also study their systematics
as a function of beam energy and system size which may shed light on the onset of the
formation of a new state of deconfinement. Recently, the multiplicity of charged particles
produced in Cu+Cu collisions at √sNN = 200 and 62.4 GeV has been measured with the
PHOBOS detector at RHIC. These measurements provide an excellent opportunity to study
the systematics of charged particle multiplicity by comparing the results obtained in Cu+Cu
and Au+Au collisions of the same energies.
The Cu+Cu data were collected using a silicon multiplicity array, which consists of an
octagonal multiplicity detector and six forward silicon counters, three on each side of the
interaction point. Two analysis methods: a “hit-counting” method and an “analog” method
were used [1]. The measured dNch/dη was corrected for particles which were absorbed
or produced in the surrounding material and for feed-down products from weak decays of
neutral strange particles. The centrality determination was obtained by using charged particles
detected in two sets of 16 scintillators counters located at z =± 3.21 meters from the nominal
interaction point along the beam axis. The multiplicity array, the analysis procedures and the
centrality determination used for Cu+Cu and Au+Au collisions are the same.
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FIGURE 1. Panels a) and b): Measured dNch/dη distributions of charged particles from Cu+Cu collisions
at 200 and 62.4 GeV as a function of collision centrality (preliminary results). Shaded bands represent the
systematic errors. Panel c): Particle density per nucleon participant pair produced in central (6%) nucleus-
nucleus collisions as a function of energy from AGS, SPS and RHIC data [2, 3]. Panel d): Pseudorapidity
distributions for Au+Au and Cu+Cu central collisions (6%) at several RHIC energies [2, 4]. The distributions
have been shifted to | η | −ybeam in order to effectively study the fragmentation regions in the rest frame of one
nucleus.
RESULTS AND CONCLUSIONS
The dNch/dη distributions measured for Cu+Cu collisions at 200 and 62.4 GeV are presented
in Figures 1.a) and b), respectively. We observe that there is a smooth transition between
the mid-rapidity plateau and the fragmentation region [2]. Figure 1.c) shows the charged
particle density per nucleon participant pair in the mid-rapidity region (|η| ≤ 1) for A+A
collisions from AGS to RHIC energies. The comparison of the results for Au+Au and
Cu+Cu most central collisions indicate, that for the most central events in symmetric nucleus-
nucleus collisions the density per nucleon participant pair does not depend on the size of
the two colliding nuclei but only on the collision energy [2]. In the fragmentation region,
the comparison of dNch/dη distributions per nucleon participants pair produced in Cu+Cu
and Au+Au collisions at several energies are presented in Figure 1.d). We observe that the
Cu+Cu and Au+Au collisions exhibit the same extended longitudinal scaling for central
collisions [4].
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FIGURE 2. Comparison of dNch/dη distributions for Cu+Cu and Au+Au collisions at the same centrality and
energy (200 GeV), presented for different centrality bins [2]. The dNch/dη distributions of Au+Au collisions
have been multiplied by the ratio of the measured dNch/dη distributions of Cu+Cu central (6%) collisions to
the measured dNch/dη of Au+Au central (6%) collisions. For clarity, the systematic errors are not shown.
For 0-6% central collisions we find that the multiplicity shapes are essentially identical
for Au+Au and Cu+Cu collisions, differing only by a factor which is approximately η-
independent [2]. The ratio of dNch/dη distributions measured for the two systems (Cu+Cu to
Au+Au) for 6% most central collisions was used to scale the dNch/dη distributions measured
in Au+Au collisions with different centralities. Figure 2 shows that dNch/dη for Cu+Cu
collisions and scaled dNch/dη for Au+Au system are very similar, indicating that the shapes
of pseudorapidity distributions are the same for both systems and all centrality bins [2]. The
small difference at mid-rapidity can be related to the difference of the mean PT of charged
particle in Cu+Cu and Au+Au collisions but it falls well within the systematic errors. It thus
appears that the dNch/dη shapes are independent of the overall size of the colliding nuclei
at least between the Cu+Cu and Au+Au systems studied here.
In this talk, we have shown that the particle density and extended longitudinal scaling of
charged particles are similar in Cu+Cu and Au+Au for central collisions at the same energy.
In Ref. [4] we have shown that the dNch/dη distributions are identical for |η| ≤ 4 for Cu+Cu
and Au+Au collisions characterized by the same 〈Npart〉. In the present work we observe that
at 200 GeV the shapes of dNch/dη distributions are similar for the two systems in the full |η|
range for collisions in the same centrality class as defined by the fraction of the total inelastic
cross section.
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